Information on the knowledge, uses, and abundance of natural resources in local communities can provide insight on conservation status and conservation strategies in these locations. The aim of this research was to evaluate the uses, knowledge and conservation status of plants in two Quilombolas (descendants of slaves of African origin) communities in the Atlantic rainforest of Brazil, São Sebastião da Boa Vista (SSBV) and São Bento (SB). We used a combination of ethnobotanical and ecological survey methods to ask: 1) What ethnobotanical knowledge do the communities hold? 2) What native species are most valuable to them? 3) What is the conservation status of the native species used? Thirteen local experts described the names and uses of 212 species in SSBV (105 native species) and 221 in SB (96 native species). Shannon Wiener diversity and Pielou's Equitability indices of ethnobotanical knowledge of species were very high (5.27/0.96 and 5.28/0.96, respectively). Species with the highest cultural significance and use-value indexes in SSBV were Dalbergia hortensis (26/2.14), Eremanthus erythropappus (6.88/1), and Tibouchina granulosa (6.02/1); while Piptadenia gonoacantha (3.32/1), Sparattosperma leucanthum (3.32/1) and Cecropia glaziovii (3.32/0.67) were the highest in SB. Thirty-three native species ranked in the highest conservation priority category at SSBV and 31 at SB. D. hortensis was noteworthy because of its extremely high cultural importance at SSBV, and its categorization as a conservation priority in both communities. This information can be used towards generating sustainable use and conservation plans that are appropriate for the local communities.
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Introduction
Brazil is one of the world's megadiverse countries, and the Atlantic rainforest, which stretches from the northeastern to the southern regions of the country, is the most biodiverse biome of Brazil, with up to 476 plant species found in one hectare [1] . Unfortunately, the Atlantic rainforest is also one of the most threatened forest types in the world, with nearly 90% of its original area devastated [2] . As is the case with the majority of Brazilian protected areas [3] , the Atlantic Rainforest is also home to many traditional communities-those that have lived in one location for a long period of time, such as the Quilombolas. According to the Living Report of World Wide Fund for Nature [4] , 90% of tropical forests worldwide are not under formal protection and millions of people living both inside and outside of reserves rely on their resources [5] .
The Quilombolas are descendants of slaves of African origin who came to Brazil during the colonial (1530-1815), united kingdom (1815-1822) and empire (1822-1889) periods. Some of these slaves fled the farms where they were exploited, organizing communities of refugees, called Quilombolas, in the local forests. Since that time, the Quilombolas have lived in villages where they have made a living from agriculture and use of forest resources. Like other traditional communities, over time they have developed detailed local ecological knowledge systems (LEK) [6, 7] . LEK systems are knowledge practice and belief systems about the relationships of living beings, including humans, with one another and with their environments. LEK is developed through the process of observation and experimentation and is passed down through generations [8, 9] . Research outside of Brazil has shown that communities of freed or escaped slaves, also known as maroons, have high levels of knowledge of plants [10] , and strong conservation practices for their natural resources [11] .
It is important for communities, such as the Quilombolas, who continue to depend on the local environment as a primary source of resources, to develop the means to maintain and preserve local species. Understanding LEK, including ethnobotanical knowledge and natural resource use strategies, is critical to developing strategies for conservation [12] . Conservation projects that do not include communication with and/or participation of local communities who use the resources can be problematic. In addition, the loss of local knowledge and practices may compromise not only cultural knowledge but also local biodiversity [13] . Surveys of useful plant resources can provide information to help evaluate conservation status and the potential for sustainable use [14] . In Brazil, little is known about the knowledge, use, and conservation of resources of Quilombolas communities. Crepaldi and Peixoto [15] documented species abundance in forests and how they were managed in a Quilombola community in the state of Espírito Santo, Brazil, but beyond this study little information is available. Similarly, França [16] , documented the species in Campinho da Independência, Paraty/RJ, and Avila, Zank [17] the species of three communities in Santa Catarina.
This work focused on two Quilombolas communities in the Atlantic forest of Minas Gerais state in Brazil to address the following questions: 1) What ethnobotanical knowledge do the communities hold? 2) What are native plant species most valuable to them? 3) What is the conservation status of the native species used? By developing a list of local forest species and their conservation status, we also aimed to identify species at risk [18] , and therefore generate some of the information needed for sustainable management plans.
Methods

Study sites
We carried out our research in two Quilombolas communities located inside the Atlantic Rainforest in Minas Gerais state of Brazil: São Sebastião da Boa Vista (SSBV) (21˚31'0.24" S e 43L 39' 30. 26" W) and São Bento (SB) (21˚33' 39.33 S e 43˚38' 59. 94" W) (Fig 1) . The vegetation in these communities range from grassland to forest to Eucalyptus plantations, as well as farms with crops and cattle. Historically, these farms were run by slave owners, and the Quilombolas are descendants of those slaves. Today, most of the inhabitants continue to raise crops and cattle on their land, but some young people work as wage laborer in eucalyptus farms in the surrounding areas.
Since 2010 both communities have had linkages with the Geosciences department/Geography and Botany department/ICB at the Federal University of Juiz de Fora. The communities of SSBV and SB provide excellent locations to study local ecological knowledge as they have been partially isolated for many years, exclusively using the natural resources around them, and so and have developed much knowledge about the use of the forest surrounding the communities.
The size of the communities' territories are: 130 hectares (SSBV) and 8000 hectares (SB). At SSBV, houses are located at the community center, surrounding the church in a radius of at most 300 m. Today the community has 36 houses and 98 inhabitants. At SB, houses are further away from each other, but the church is considered the community center and the meeting point of villagers. Presently, the community has 20 houses and 85 inhabitants; houses are scattered around the woods in a radius of up to 6 km and they have restricted access by trails (Figs 2 and 3) .
Catholic churches are the main places of worship for the communities; however, elements of African religions are present, demonstrating religious syncretism.
Ethnography, consent and ethical approval
We made ten trips were made to each community between March and December of 2012. These trips included home visits to all houses in each community for informal interviews with the inhabitants and participant observation [19] -observing and participating in daily activities with the residents.
Home visits were carried out together with a key informant, who contributed actively to the research [20] . The main discussions were about life histories, local daily problems, collective life, and health. We also which community members were experts in health and/or knowledge of plants [21] .
At the end of this stage, participants signed the free, prior and informed consent agreement provided by the Brazilian Ministry of Culture.
Permission to conduct this study was obtained from "Instituto do Patrimônio Histórico e Artístico Nacional" (IPHAN-Nacional Institute of Historic and Artistic Patrimony) by permit n˚01450.010839/2012-62 (S1 Appendix). To obtain this permission, a meeting with all the community members, recorded in the minutes of the residents' association, were made at each Quilombola, when all steps of the work were explained, prevising the participation of citizens of all age groups. In these meetings the president of the residents' association signed a Consent Form provided by IPHAN on behalf of the whole community, authorizing the research at the Quilombolas and with their citizens. After that, these Consent Forms were sent to IPHAN and the permission was obtained.
Collection of ethnobotanical data
Ethnobotanical data were collected through interviews with local experts, where the snow ball method [19] was employed, and local experts indicated other possible plant experts. A total of 13 local experts were identified. The group in SSBV was of 7 experts (2 men and 5 women) and in SB was of 6 experts (2 men and 4 women). The age of these specialists ranged from 26 to 84 years, and their social occupations included traditional cooks, builders, craftsmen, spiritual healers, lumberjack and/or bushman ( Table 1) .
Interviews using semi-structured questionnaires were carried out with local experts [22] where they were asked about the use of plants for all purposes ( Table 2) .
To triangulate the information collected in interviews, focus group discussions were carried out with the whole community in day-long meetings (1 in each community). We directly invited all households to attend (by going door to door). The focus group in SSBV was made up of 18 teenagers (12-18 years old; ten female and eight male), 16 adults (over 18 and less than 60 years old; nine women and seven men) and nine elders (over 60 years old; five women and four men). In SB there were 20 teenagers (15 female and five male), ten adults (seven women and three men) and eight elders (six women and two men). The ages ranged from 18 to 66 in SSBV and 18 to 75 in SB. Focus group discussions focused on the vernacular names of plants and their use categories (Table 2 ). Pictures or in vivo specimens were presented and participants openly discussed the plants used. All participants present had the opportunity to participate. Focus groups lasted up to one hour.
Collection and identification of plant specimens
After obtaining ethnobotanical data, fertile species were collected in vivo [24] by the "walk in the woods method" [25] with local experts. Voucher specimens were prepared and identified by experts from Universidade Federal de Juiz de Fora (UFJF) and partner specialists and vouchers were deposited in Leopoldo Krieger Herbarium (CESJ). Scientific names and families of species were checked using theplantlist.org
In cases where the flowering period did not coincide with the field visits, non-fertile species were collected but were identified by comparison with samples of CESJ Herbarium and with image records of Virtual Herbarium of Musém National d'Historie Naturelle, Royal Botanical Gardens, and Missouri Botanical Garden. For those plant species for which it was not possible to collect samples, the checklist method was performed [22] . Botanical species photographs from the Ethnobotanical Laboratory of UFJF collection were shown to interviewees so that they could confirm which ones they had cited in the surveys and focus groups.
Evaluation of origin and conservation status of plants used in the communities
Information about the species named and collected was searched for in the Flora Brasiliensis [26] , The Botanical List of Brazilian Species (Reflora) and the Native Species Manual [27] . For evaluation of conservation status, only native species were considered. For Atlantic rainforest species that are harvested, information on the conservation status and threats were searched for using the following databases: Ministério do Meio Ambiente, Biodiversitas Foundation and International Union for Conservation Nature.
Data analyses
To evaluate ethnobotanical knowledge homogeneity and diversity of the study communities, Pielou's Equitability index (EI) and Shannon-Wiener's biological diversity index (BDI) were used [28] . These indices, commonly used in ecology, have been adapted to ethnobotany to evaluate the uniformity and diversity of ethnobotanical knowledge respectively, of a particular community. These indices were calculated based on every species of the ethnobotanical collection in both communities; native and exotic species were both included. The software PAST v.134 [29] and the equations below were used: Shannon-Wiener Index
Where: 
H' max = (natural base logarithm) of total species number These indices were also compared with those found from other studies in Brazil.
To measure the importance of each native species, we used the Cultural Significance index (CSI) [30] : To assess the conservation status of native forest plant species used by SSBV and SB communities, we adapted the Conservation Priority Index (CPI) [18] , which considers the following criteria: sampled density, risk based on collection type, local importance and diversity of uses. The forests area for each community was large (40.000 m 2 in SSBV and 150.000 m 2 in SB), therefore plots were established to obtain species densities. As suggested by Espírito-Santo, Shimabukuro [31] , 10 plots of 10 m x 10 m (totalizing 0.1 hectare) were established in the forests surrounding each community. Plot locations were chosen by "preferential sampling" [32] , where local experts identified the sites with the highest collection pressure (Fig 4) . These local experts were invited to participate in the "walk in the wood" method [25] through the selected plots, where they named known and useful species. All the sampled species [15] were collected in vivo [24] and an image record was produced [33] for subsequent identification by comparison with CESJ Herbarium specimen [22] .
The CPI was scored according to Table 3 and calculated using the formula below: Local ecological knowledge and biodiversity conservation
Analyzed species were categorized into three groups: Category 1 (species with score ! 85); they have conservation priority and should not be collected until appropriate precautions or for further conservation plans are implemented; Category 2 (species with score between 85 and 60); they are suitable for moderate collection;
Category 3 (species with score 60); they are suitable for collection. As another indicator of potential pressure on native species, the Use-Value Index (UVI) [25, 34] was calculated with the formula:
Where: U = Number of mentioned uses of species X. n = Total number of interviewees.
Lucena, Lucena [35] state that CPI is the most effective index to identify locally rare and impacted species, however, UVI can be additionally used to identify the most known and used species.
Finally, we classified species into their ecological succession stage by dividing them into three groups, according to the classification of Gandolfi, Leitão Filho [36] 1) Pioneer (species that develop in clearings, in forest edges or in the open, dependent on light and not occurring generally in the understory); 2) Early secondary (species that develop in small clearings in the understory under conditions of some shading and can also occur in areas of old clearings); 3) Late secondary (species that develop exclusively in the permanently shaded understory, including small or large tree species that develop slowly and may reach the canopy or are emerging; and 4) Climax (species that have slow growth, germinate and develop in the shade, and produce large seeds). 
Results and discussion
Sociocultural characteristics
Based on experts at both communities, knowledge about local plants was predominantly among the older generation, with a mean of age of 58.7 ± 9.7 years in SSBV and 67.1 ± 3.9 in SB of the experts interviewed. Lima, Silva [37] , Hanazaki, Tamashiro [38] and Galeano [23] have found similar results. This may indicate expertise takes many years, or that knowledge may be decreasing in the younger generations [23] . In our focus group discussions, it was noted that the decreasing isolation of these communities has resulted in changes in lifestyle, through the incorporation of urban elements into the local culture. This is also evidenced by the increase of households with TV and telephones and the education of 7 teenagers from SSBV and 5 from SB in Santos Dumont city. Participants in the focus group discussions also commented that young people are no longer interested in learning traditional knowledge.
In terms of gender, there were more female than male experts (Table 1) , and all the women are medicinal plant experts and 4 of them are traditional cooks. All male experts are lumberjacks, bushman and builders-these knowledge categories are exclusive to men. These data demonstrate a social allocation of labor as the men are responsible for resource extraction from the forest and other jobs that require heavy labor, such as construction. Women are responsible for food preparation and health of their families. These results coincide with other studies of Quilombola communities [39, 40] .
In terms of religion, 100% of the members of both communities are Catholic, demonstrating the great influence of Catholicism in historical and social process of the formation of Brazilian Quilombola communities', as pointed out by Santos [41] . Historically this influence occurred due to the presence of large estates which were producers of coffee and milk, and where farmers imposed European culture on their slaves. This was confirmed through reports in both communities, that religion was one of the conditions imposed on them to keep the local peace. According to participants, in the case of SSBV, the most important historic milestone was the construction of the Church with the local farm owners help, in 1930 and the existence of a slave known as "Pai Tudo" (which translates to "father of everything"), who died in the same decade. He was considered a healer, spiritual healer, and sorcerer, who made magic for good and for evil and a local disseminator of religious and ethnobotanical knowledge. This highlights the religious syncretism and cultural changes that occurred as a result of imposed religious elements [42] . The local historic milestone in SB is similar to that of SSBV, where the Catholic Church was also constructed by farm owners.
Ethnobotanical data
A total of 212 useful species were recorded from SSBV and 221 from SB. This included 105 and 96 native species from the Atlantic forest, respectively, totaling 139 native species (out of a total of 299) ( Table 4 ). The substantial proportion of exotic species demonstrates the influence of diverse cultures and ethnic groups on plant knowledge formation at both communities.
In general, those plants used in the two communities were used in the same ways in both places. However, a few species had different uses, such as Dalbergia hortensis (used for medicinal, construction, ritualistic and technological uses in SSBV and only technological uses in SB) and Merostachys sp 1 . (employed in ornamental, construction, fuelwood and technological uses in SSBV and only used for construction in SB). A possible explanation is that they were influenced by different farmers in their respective areas, which possibly resulted in different knowledge about the same plants. Although Quilombolas knowledge includes knowledge brought from Africa, it also includes knowledge learned from Amerindians and Europeans living in Brazil. This influence can be observed in the vernacular names of plants, which are distinct in many cases between the two communities (Table 4) .
Medicinal and technological uses were the most important uses in both communities ( Fig  5) . The predominance of plants used for medicinal purposes was also described for other Quilombolas communities, including Campinho da Independência in Paraty/RJ, Brazil [16] and in Espírito Santo state, Brazil [15] , both in areas of Atlantic Rainforest. Hanazaki, Souza [43] similarly described the main use of plants for medicinal purposes for rural communities in the Boundaries of Carlos Botelho State Park in São Paulo, Brazil. In this study construction/technological uses included construction of houses and furniture, manufacturing of handles, canoes, fence posts and wooden wagons. This is similar to another Atlantic forest community (Rio Formoso/PE, Brazil) where technology and medicine were identified as the two most important use categories [44] .
We found that herbaceous plants are predominant among medicinal species, and that leaves are the plant part most commonly collected from herbaceous species. Trees were mostly employed for technological uses and therefore stems were the plant part most commonly used. In Rio Formoso, the plant part most frequently collected part was wood (78.5%), followed by fruit, bark, resin, inner bark, seed, leaf, and flowers [44] . Albuquerque and Andrade [45] , Oliveira, Lins Neto [46] and Meyer, Quadros [47] showed the predominant use of stems and trees in the Caatinga; however, it is important to note that this biome has different characteristics to the Atlantic Rainforest, as it is much drier.
The Shannon-Wiener biological diversity index and Equitability index were 5.14 and 0.96 respectively for SSBV and 5.20 and 0.96 for SB. These are considered high according to [29] and as compared to other studies in Brazil (Table 5) . These values may indicate homogeneity of ethnobotanical knowledge. However, Meyer, Quadros [47] state that high values can also demonstrate a common ethnobotanical knowledge origin of plant knowledge. This is consistent with the fact that among the 63 species that were used in both communities, 42 species have the same vernacular name ( Table 4 ). The high evenness may also be a result of the fact that only experts were interviewed in each community. However, our value for the diversity of ethnobotanical knowledge is similar to that found for another Quilombolas community ( Table 5 ). The high diversity of knowledge could potentially be a result of the fact that Quilombolas ethnobotanical knowledge includes a combination of African, Amerindian and European knowledge of plants.
The forest species used in both communities are, in general, categorized as low risk based on international (International Union for the Conservation of Nature (IUCN), and national (Biodiversitas and Ministério do Meio Ambiente-MMA) assessments (Table 6 ). At SSBV, A. angustifolia and E. edulis are classified as "in danger" according to Biodiversitas and "endangered" according to MMA and M. villosum is "vulnerable" according to IUCN. At SB, only O. odorifera is classified as "in danger" according to Biodiversitas and Endangered according to MMA.
Unfortunately, locally these species appear to be at much higher risk. The results of our conservation priority index show that, of the 59 species at SSBV in Table 6 , 56% are classified in Category 1 (highest risk), 37% of Category 2 and 7% in Category 3. Among the 61 forest species of SB, 52% were classified in Category 1, 38% in Category 2 and 10% in Category 3. This indicates that more than 50% of the forest species are under threat and would benefit from conservation plans. Although the Quilombolas do not harvest plants for commercial purposes, some of their species have high economic value. Some species in the highest category for conservation priority such as Ocotea odorifera and Machaerium scleroxylon, are used for the production of luxury furniture production and in civil construction [62] . This tends to attract harvesting by people from outside of the communities. This emphasizes the need for a management plan for the biodiversity of the region. Another complicating factor is that among species with highest conservation priority (Category 1), 14 (23.7%) and nine (28.1%) were also of high cultural significance (values above 1) in SSBV and SB, respectively. These results show that some of the most culturally important species are also among the most vulnerable locally. Species with both high use value indices and Local ecological knowledge and biodiversity conservation CSI included Dalbergia hortensis (26/2.14), Eremanthus erythropappus (6.88/1) and Tibouchina granulosa (6.02/1) at SSBV, and Piptadenia gonoacantha (3.32/1), Sparattosperma leucanthum (3.32/1) and Cecropia glaziovii (3.32/0.67) at SB. By far the species with the highest cultural significance index (CSI) was Dalbergia hortensis (CSI = 26 in SSBV) (Fig 6) . The use of this species in SSBV was disseminated by "Pai Tudo". In SB, Pai Tudo was also mentioned, but only Aureliana tomentosa was identified to be learned from him, and it does not have a high CSI (0.96). Knowledge related to this species is considered a cultural secret [63] since it was reported by the leader of SB as having a ritualistic power capable of causing harmful effects even to oneself if handled by a non-expert.
Forest succession stages
Of the native species identified, 85 were forest trees, including 59 in SSBV and 61 in SB. Thirty-five were common to both communities. Pioneer species predominate in SSBV, while early secondary predominates in SB (Fig 7) , demonstrating that the forest SSBV is in an earlier stage of regeneration than SB. This may indicate that the SB forests are relatively better preserved than those of SSBV, however, further phytosociological study is needed.
According to interviews with local experts in both communities, local forests have sharply declined in the last 50 years due to an increase in grazing lands. According to reports of SSBV, the increase in agricultural activities since the 1960s and the onset of charcoal factories in the 1970s have consumed forest native trees as the main fuel stock. In SB it was reported that historically farmer owners used to lend part of their land to Quilombolas in exchange of work on crop and cattle ranches. Quilombolas were required to cut down part of their forests to increase land for agriculture and for cattle grazing. Therefore, in the cases of species like A. angustifolia and M. villosum, where the high use coincides with high conservation threat, it is likely not just harvest but more importantly habitat destruction that is causing decline. (EI) = Equitability index, (H' B.e) = Shannon index base, (N˚sp.) = Number of cited species, (N˚infor.) = Number of informants, (N˚citat.) = Number of citations.
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Conclusion
Our interviews showed that together, the two Quilombolas communities of SB and SSVB use 201 native species, and have ethnobotanical knowledge diversity indices of over 5.0-values that are higher than those reported for other traditional groups in Brazil. These data illustrate the rich ethnobotanical knowledge and heritage of the communities. However, our results also suggest that more than 50% of local useful species in both communities (those ranked in Category 1 for conservation priority) may be at risk if there are no plans for the management and replanting of them. Of these plants, Dalbergia hortensis is a special conservation priority because of its great cultural significance. Other species such Sparattosperma leucanthum, Lygodium volubile in SSBV, Cecropia glaziovii in SB, and Croton urucurana in both communities rank high for cultural significance and conservation priority. Based on our results, the development of a sustainable management plan that considers local knowledge about management and use of plants is essential. Developing programs to increase populations of those species at risk, including agroforestry programs can help meet the needs of producing culturally Local ecological knowledge and biodiversity conservation important species and of biological conservation. It is urgent that the government demarcate Quilombolas land for cultural maintenance, quality of life and preservation of nature. 
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